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1.  INTRODUCTION 


Previous  investigations  into  the  use  of  Laser  Interferometry  for  linear 

1  &2 

distance  measurements  at  Watervliet  Arsenal  resulted  in  the  development  of  a 

3 

Constant  Force  Device  (CFD)  and  an  improved  method  for  calibrating  both  short 
and  long  length  standards.  A  decision  was  made  to  build  a  general  purpose  system 
which  could  be  used  for  calibration  of  micrometers,  gage  blocks,  length  standards, 
mechanical  and  electronic  probes,  cartridges,  indicators,  etc.  This  is  a  report 
on  that  project. 

2 .  PRINCIPLES  OF  INTERFEROMETRY 

A  basic  Laser  Interferometer  consists  of  a  Laser  Head  which  emits  a  double 
frequency,  coherent  beam  of  light;  a  combination  beam  spl i tter/retroreflector  or 
remote  interferometer;  a  moveable  retroreflector  also  known  as  a  "cube  corner"  and 
a  Laser  Display  which  contains  a  high  speed  electronic  counter  and  a  digital  read¬ 
out.  The  electronics  in  the  Display  count  the  phase  shifts  generated  by  the  laser 
beam  being  divided  and  recombined  in  the  remote  interferometer.  One  leg  of  the 
beam  travels  to  the  cube  corner  and  the  other  leg  provides  a  reference.  The  ad¬ 
vantage  of  this  system  is  that  only  the  movement  of  the  cube  corner  is  measured. 


F.J.  Audino  and  B.R.  Taylor,  "Applications  of  Laser  Interferometry  in  Precision 
Measurements",  Watervliet  Arsenal  Technical  Report:  WVT-QA-7405. 
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"Functional  Descriptions  and  Applications  of  Laser  Inspection  Systems",  Product 
Assurance  Pamphlet,  AMSAR-WV-P-702-16,  Sep  1975. 
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US  Patent  #3975100 


The  cube  corner  is  attached  to  the  object  whose  travel  is  being  measured.  The 

wavelength  of  this  laser  in  a  vacuum  is  a  constant  6328  Angstroms  or  approximately 

.000024  inches.  With  compensation  for  air  temperature,  pressure  and  humidity,  this 

constant  is  used  to  calculate  the  distance  moved  with  a  resolution  of  one  millionth 

of  an  inch.  This  system  also  benefits  from  the  fact  that  it  is  considered  "a 

priori"  traceable  to  the  National  Bureau  of  Standards  and  does  not  require  routine 
4 

calibration. 

3.  SYSTEM  CONCEPT 

The  Laser  Interferometer  Calibration  Station  Material  Testing  Technology 
Project  was  conceived  as  a  method  for  quickly  and  accurately  calibrating  micro¬ 
meters,  length  standards,  electronic  measurement  cartridges  (LVDTs),  etc. 

Features  of  this  system  are:  improved  repeatability  using  the  Constant  Force 
Device;  versatility;  print  on  command,  eliminating  the  need  for  the  operator  to 
interpret  and  record  readings  and  the  ability  to  handle  an  infinite  number  of 
calibration  points  with  no  degradation  in  accuracy. 

The  original  system  concept,  shown  in  Fig.  1,  had  the  laser  mounted  under  the 
granite  base  with  two  right  angle  beam  benders  to  bring  the  beam  to  the  top  surface 
of  the  table.  The  first  station  encountered  by  the  beam  was  a  micrometer  measure¬ 
ment  station.  Two  Constant  Force  Devices  and  a  retroref lector  were  utilized  to 
obtain  readings  at  any  location  along  the  micrometers  travel.  The  last  station 
is  the  LVDT  calibration  station  which  is  shown  in  Fig.  2.  Fig.  3  depicts  a  later 
version  of  the  station  with  a  surface  mounted  laser.  Air  slides  are  incorporated 
to  reduce  friction  and  increase  accuracy.  This  system  has  enough  flexibility  to 
allow  additional  stations  to  be  added  as  the  need  arises. 
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CONSTANT  FORCE  DEVICE  (CFD) 


FIGURE  1.  LASER  INTERFEROMETER 
CALIBRATION  STATION- 
SYSTEM  CONCEPT 
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HP  9815  CALC 


FIGURE  3.  VERTICAL  AND 

HORIZONTAL  MEASUREMENT 
STATIONS 


4.  ACCOMPLISHMENTS 

A  Hewlett  Packard  Laser  System  (see  Table  1)  was  purchased.  This  system  was 
used  in  preliminary  studies  and  during  the  desiqn  nhase.  The  LVDT  cal ibratien 
station  was  built  and  tested.  The  fixture  for  the  micrometer  station  went  thcouun 
several  design  iterations  to  produce  a  micrometer  holding  fixture  which  coul-i 
accept  mics  from  1"  to  12“  for  calibration,  providing  readings  over  the  full  range 
of  travel  ,  while  retaining  the  required  rigidity  and  convenience  of  operation. 

This  last  requirement  was  never  totally  fulfilled. 

At  this  time,  a  logistical  problem  arose.  Currently  calibration  of  micro¬ 
meters  is  done  at  the  Surveillance  Cribs  located  in  each  shop.  If  calibration  was 
done  at  only  one  calibration  station,  it  would  be  in  the  Product  Assurance  G ane 
Lab.  Since  the  Lab  is  located  away  from  the  shop  areas,  mics  brought  to  the  Gago 
Lab  for  calibration  would  be  out  of  service  for  a  period  of  time  and  an  additional 
cost  incurred  for  transportation.  Because  there  are  insufficient  mics  to  create 
a  pool  of  “floaters",  and  because  none  of  the  organizations  would  bear  the  cost  of 
transportation ,  the  system  soon  acquired  a  “nice  to  have  but  not  practical"  status. 
As  a  result,  it  was  decided  that  further  expenditure  of  effort  was  not  warranted. 

5.  ALTERNATE  USES 

Since  the  laser  was  purchased,  it  has  been  used  to  perform  a  variety  of  cal¬ 
ibration  functions.  The  passive  Remote  Interferometer  and  the  retrof lector^  ma Le¬ 
the  system  ideal  for  calibration  of  N.C.  machine  tools,  coordinate  measuring 
machines  (CMMs),  rifling  bars,  etc.  where  calibration  over  long  distances  is 
i nvol ved 
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R.R.  Baldwin,  G.B.  Gordon,  and  A.F.  Rude,  “Remote  Laser  Interferometry “ ,  Hewlett 
Package  Laser  Measurement  System  Application  Note  156-1. 

^T.H.  Hoffer,  “Calibration  of  a  Machine  Tool",  Hewlett  Package  Measurement  System 
Application  Note  156-4. 
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TABLE  1 


System,  Laser,  HP  5526A 
Laser  Head 
Laser  Display 

Interferometer,  Remote  HP  10565B  &  10556A  (Retro  Reflector) 

Bender,  Beam  HP  10558A 

Retrof 1 ector/Mount  HP  10550B 

Mirror,  Turning  HP  10557A 

Case,  Storage  HP  10634A 

Case,  Storage  HP  10635A 

Mount,  Reflector  HP  10659A 

Adapter,  Straightness  HP  10579A  (2  pc) 

Interferometer,  Short-Range  Straightness  HP  10690A  (Includes  reflector) 

Kit,  Footspacing  HP  10583A 

Adapter,  Straightness,  Vertical  HP  10693A 

Splitter,  Beam  HP  10567A 

Connecting  Cables 

System  Laser  HP  55262  Calculator  Mod  9815A 
System  Parts  List 


Fig  4.  shows  the  system  being  used  to  calibrate  an  optical  comparator.  Fig.  5 
depicts  the  system  installed  on  the  Gage  Surveillance  Section's  Calibration  Cart. 
This  Cart  travels  throughout  the  Arsenal  shops  where  it  is  used  for  specialized 
calibration  tasks.  The  laser  has  been  especially  valuable  for  the  calibration  of 
rifling  bars. 

With  the  exception  of  the  120mm  tank  gun  which  has  a  smooth  bore,  all  large 
caliber  gun  tubes  produced  for  the  Army  are  rifled.  Rifling  consists  of  a  number 
of  equally  spaced  helical  grooves  cut  in  the  bore  of  the  gun.  These  grooves  impart 
rotation  to  the  projectile  as  it  is  launched,  and  the  resulting  spin  provides  in¬ 
flight  stability.  Manufacture  of  these  grooves  is  done  by  a  series  of  broaches, 
each  slightly  larger  than  the  previous  one,  which  are  mounted  on  the  end  of  a  long 
bar  called  a  rifling  bar  and  pushed  down  the  bore  of  the  gun  tube.  A  helical  groove 
cut  in  the  bar  engages  a  pin  in  the  machine  which  generates  the  required  degree 
of  rotation  in  the  broaches  and  the  resulting  twist  in  the  rifling. 

Deviations  in  the  rifling  twist  can  cause  variations  in  projectile  performance, 
therefore,  the  twist  of  the  rifling  bars  is  periodically  checked  to  insure  confor¬ 
mance  with  the  specification.  The  twist  is  expressed  as _  turns  in  _ 

caliber,  e.g.  the  105mm  M68  is  one  turn  in  eighteen  calibers.  A  caliber  is  the 
bore  size  of  the  gun  or  105mm.  Therefore  this  may  be  stated  as  one  turn  in  1890mm 
or  74.412  inches. 

Calibration  of  a  rifling  bar  is  shown  in  Figs.  6,  7  and  8.  The  bar  itself  is 
visible  in  all  three  photos.  The  helical  groove  can  be  seen  in  the  extreme  right 
hand  side  of  Fig.  6  near  the  steady  rest. 


FIGURE  5.  CALIBRATION  CART 


FIGURE  7.  LASER  HEAD,  REMOTE 
INTERFEROMETER  AND 
RETROREFLECTOR 


ATTACHED  ROTARY 
ENCODER 


To  read  the  rotational  movement  of  the  bar,  a  rotary  encoder  is  strapped  to  the 
bar  (Fig.  8).  A  pendulum  references  the  encoder  to  gravity,  and  the  data  from 
the  encoder  is  fed  to  the  Hewlett  Package  calculator  through  the  interface, 
installed  on  the  cart  (Fig.  5). 

The  laser  is  mounted  on  a  tripod  along  side  the  machine  bed  and  aimed  at  a 
retroref lector  which  is  sitting  on  the  way  of  the  machine  (Figs.  6  &  7).  This 
retroref lector  is  combined  with  a  beam  bender  which  turns  the  laser  beam  90 
degrees  and  bounces  it  off  the  cube  corner  which  sits  on  the  moveable  carriage. 

In  this  manner,  the  carriage  travel  is  accurately  measured. 

The  rifling  sequence  is  initiated  (the  broaches  are  removed  for  calibration) 
and  the  linear  and  rotational  readings  are  taken  on  the  fly,  automatically, 
via  calculator  command.  The  output  is  shown  in  Fig.  9.  A  program  written  for 
the  calculator  calculates  the  deviations  and  prints  the  inspection  report  on 
the  spot.  Two  interpretations  are  provided;  the  first  converts  the  deviations 
to  a  rotational  error  in  inches  at  the  circumference  of  the  bore  for  a  given 
downbore  distance,  the  second  converts  the  deviations  to  a  downbore  error  at  a 
given  angular  orientation.  A  second  program  plots  these  results.  Fig.  10,  so 
that  the  inspector  has  a  graphic  presentation  of  the  inspection  results. 

This  procedure  represents  a  tremendous  increase  in  accuracy  and  productivity 
over  the  previous  manual  method  of  calibration  using  gage  blocks  and  sine  bars. 
In  general,  the  above  statement  applies  wherever  an  accurate  measurement  of 
linear  displacements  is  required.  This  is  especially  true  if  there  is  no 
convenient  frame  of  reference  available. 
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FIGURE  9.  RIFLING  BAR 
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5.  CONCLUSION 


The  Remote  Laser  Interferometer  is  an  extremely  versatile  tool,  which  has 
become  an  integral  part  of  the  calibration  system  used  at  the  Arsenal.  The 
concept  behind  the  Laser  Interferometer  Calibration  Station  would  probably 
have  the  greatest  application  in  a  small  precision  machine  shop  where  dedicated 
fixtures  could  be  built  for  those  items  requiring  frequent  calibration,  and  the 
precision  gained  by  such  a  system  would  justify  the  cost  of  a  dedicated  laser 
system.  Here  at  Watervliet  Arsenal  with  over  2,000,000  square  feet  of  manu¬ 
facturing  facilities  spread  over  a  140  acre  site,  such  a  system  has  proved 
unfeasible. 
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COMMANDER 

US  ARMY  TANK-AUTMV  R&D  COMD 
ATTN:  TECH  LIB-DRDTA-UL  1 

WARREN,  MICHIGAN  48090 


COMMANDER 

US  MILITARY  ACADEMY 

ATTN:  CHMN ,  MECH  ENGRG  DEPT  1 

WEST  POINT,  NY  10996 


US  ARMY  MISSILE  COMD 
REDSTONE  SCIENTIFIC  INFO  CEN 
ATTN:  DOCUMENTS  SECT,  BLG  4484  2 
REDSTONE  ARSENAL,  AL  35898 


COMMANDER 

US  ARMY  MATERIALS  &  MECHANICS 
RESEARCH  CENTER 


ATTN:  DRXMR-PL  2 

-D  1 

-FI  1 

-S  2 

-M  1 


-AT 

WATERTOWN,  MA  02172 


COMMANDER 

US  ARMY  FGN  SCIENCE  &  TECH  CEN 
1  ATTN:  DRXST-SD  1 

1  220  7TH  STREET,  N.E. 

1  CHARLOTTESVILLE,  VA  22901 


NOTE:  PLEASE  NOTIFY  COMMANDER,  WATERVLIET  ARSENAL.  ATTN:  SARWV-OAE. 
WATERVLIET,  NY  12189,  OF  ANY  REQUIRED  CHANGES. 
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NO.  OF 
COPIES 


COMMANDER 

US  ARMY  RESEARCH  OFFICE  1 

P.O.  BOX  12211 

RESEARCH  TRIANGLE  PARK,  NC  27709 
COMMANDER 

US  ARMY  HARRY  DIAMOND  LAB 
ATTN:  TECH  LIB 
2800  POWDER  MILL  ROAD 
ADELPHIA,  MD  20783 

DIRECTOR 

US  ARMY  INDUSTRIAL  BASE  ENG  ACT 


ATTN:  DRXPE-MT  1 

ROCK  ISLAND,  IL 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CEN  1 

DAHLGREN,  VA  22448 

DIRECTOR 

US  NAVAL  RESEARCH  LAB 
ATTN:  DIR,  MECH  DIV  1 

CODE  26-27  (DOC  LIB)  1 

WASHINGTON,  D.C.  20375 

NASA  SCIENTIFIC  &  TECH  INFO  FAC 
P.O.  BOX  8757,  ATTN:  ACQ  BR  1 


BALTIMORE/WASHINGTON  INTL  AIRPORT 
MARYLAND  21240 


NO.  OF 
COPIES 


COMMANDER 

DEFENSE  TECHNICAL  INFO  CENTER 
ATTN:  DTIC-TIR  10 

-LTD  2 

CAMERON  STATION 
ALEXANDRIA,  VA  22314 


DIRECTOR 

BATTELLE  COLUMBUS  LAB  1 

505  KING  AVE 
COLUMBUS,  OHIO  43201 


NOTE:  PLEASE  NOTIFY  COMMANDER,  WATERVLIET  ARSENAL,  ATTN:  SARWV-QAE , 
WATERVLIET,  NY  12189,  OF  ANY  REQUIRED  CHANGES 


